In this paper we estimate how demand for prescription drugs varies with income for a sample of near retirement individuals. The analysis is based on a novel panel data set with information about the purchase of prescription drugs for a large number of Danish individuals over the period 1995-2003. Our preferred model performs better in an external validation test than models that can be estimated on cross section data. Results indicate that demand does respond to variations in income and that reforms affecting income will therefore affect the use of prescription drugs.
Introduction
There is great interest in knowing if the demand for prescription drugs responds to changes in people's income. This information is important for assessing welfare effects of (tax) reforms affecting disposable income. Further, if prescription drugs are normal goods, reduction in incomes during e.g. recession might have adverse effects on medication compliance. However, at the more basic level it is important for understanding the link between income and health. The literature has shown a positive relationship between health and socioeconomic status; see Goldman (2001) for a review, but this finding is not unequivocal. Adams et al. (2003) run causality tests to identify these underlying mechanisms. Using data on elderly Americans they find that there is no causal link from socioeconomic status to mortality and sudden-onset diseases. In another study, also focusing on elderly Americans, Snyder & Evans (2006) use exogenous variation in income and show that higher income is associated with higher mortality rates. Other studies have shown that income is positively correlated with self reported health, Deaton & Paxson (1998) , and that wealth is positively correlated with longevity, Attanasio & Emmerson (2003) . This relationship is known as the income-health gradient. Recent theoretical work by Scholz & Seshadri (2010) , and Dalgaard & Strulik (2011) extending the life cycle framework to include investments in health capital can reproduce the income-health gradient, but point out that the factors driving the income-health gradient remain unclear. One mechanism could be going through differential drug use to the extent that drug use is driven by income.
Prescription drug usage is presumably correlated with health status and following Grossmann (1972) , it could be viewed as a factor demand in the production of (good) health. If this is the case, then reforms affecting income may also affect health through drug use.
The objective of the paper is to estimate how the demand for prescription drugs varies with income for a sample of near retirement individuals. The focus is on near retirement individuals because the demand for prescription drugs increases dramatically from around age 55 and because this group experiences considerable income variations around the point of retirement. In contrast, younger people also experience considerable income variations but have low drug demand.
Few have previously worked on this topic. Moran and Simon (2006) estimate how the demand for different types of prescription medications varies with income. On a cross section of retirees they compare people that have different social security payments solely because they were born in different years. They find that a rise in Social Security income by US$ 1,000 increases the number of prescription medications used by 0.55 per month. Alan et al. (2002 and 2005) analyze senior and non-senior prescription drug demand and investigate the redistributive effects of a large scale prescription drug program. They do this (among other things) by estimating Engel curves on the Canadian Family Expenditure Survey consisting of repeated cross sections and investigating how Engel curve relationships differ between periods where the subsidy program is in operation and other periods where it is not.
Estimating how prescription drug demand responds to income variations is complicated by the fact that the demand for drugs is likely to be related to the health capital which is generally unobserved and can often, at best, be proxied only by including measures of self-reported health when analyzing cross section data. Controlling for health capital is important because the level of health capital tends to be related to marginal productivity so that individuals with a higher level of health capital also have a higher level of human capital. Therefore, comparing the demand of individuals with high income with that of individuals with low income in order to estimate Engel curves is likely to (also) reflect selection effects. Moreover, the use of prescription drugs is likely to be endogenous to the extent that consuming drugs improves health and thereby earnings capacity and income. Another issue relates to the dynamic aspects of drug demand. Some drugs are habitual and the consumption may be the consequence of treatments that extend beyond the period for which the data is collected, typically one year. At best, the above mentioned papers take into account one of these issues. We argue that it is crucial to control for all of them when modeling the dependence of demand for prescription drugs on income. In fact leaving out one of these elements from the analysis can lead to seriously biased Engel curve estimates.
The analysis presented in this paper is based on a panel data set with information about 20% of the Danish population under the age of 70. This data set has some unique features that are crucial in this context. Most importantly, and unlike any other data set that we know of, it holds person level panel information about the demand for prescription drugs for the period 1995-2003. This enables us to model the dynamic structure of demand and to take account of person-level fixed unobserved factors as well as correlation between income and the idiosyncratic error term.
Moreover, covering 20% of the Danish population the data set is very large compared to expenditure surveys or other data sets with information about the demand for prescription drugs.
This enables us to consider the prescription drug demand for subsets of the population without relying on small samples. We use this feature to illustrate that the effect of income on the demand for prescription drugs can vary significantly across different levels of income.
In the main analysis we focus on persons aged 55-65 1 , i.e. persons near retirement. The results show a strong relationship between income and the demand for prescription drugs when 1 Observations for age groups 66-69 are reserved for an external validation exercise where the estimated model's ability to capture the adjustment in demand following the change in income from age 66 to 68 is investigated. estimated on a cross section. However, taking into account the dynamic structure of demand as well as fixed factors controlling for individual specific levels of health capital is very important in this context. Applying an appropriate panel data model weakens this relationship considerably.
This suggests that Engel curve relationships estimated on cross section data may lead to biased estimates of the Engel curve relationship and that caution is warranted when giving such estimates a behavioral interpretation, i.e. as an estimate of the demand response to a change in income. This knowledge is essential for policy makers trying to design policies that affect the level of disposable income. If policies are based on relationships estimated on cross section data, then the effects on demand from welfare reforms can appear substantial when, in fact, they are small. Results from this study, however, still suggest that reforms affecting income, for example reforms of the public pension provision, will affect the demand for prescription drugs but in smaller magnitudes than previous studies suggest.
The remainder of the paper is organized as follows. In the next section we sketch the empirical problem and suggest a solution to it. Section 3 presents the data. Section 4 presents a multivariate analysis in which we try to take into account potentially confounding factors. In section 5 we attempt to validate our model for the near-retirement sample by checking its ability to predict the adjustment in demand following the first receipt from a universal government public pension scheme that is awarded irrespectively of whether the individual has labor income. Section 6 sums up and concludes.
Method
There are several complications associated with estimating Engel curves for prescription drug demand. First, demand is potentially driven by unobserved factors that we refer to as health capital, cf. Grossman (1972) . More health capital leaves the individual more resistant to adverse health events and individuals equipped with more health capital are assumed to have a lower level of consumption of prescription drugs. The stock of health capital is likely heterogeneous across the population where some individuals are generally equipped with a high level of health capital and others with a low level of health capital. In general, health capital will be nonseparable from human capital so that an adverse shock to the health capital also produces an adverse shock to earnings. The effects of such adverse shocks can be mitigated by consuming drugs that restore the health capital and stimulate productivity again. Another complication relates to the potential dynamic aspects of drug demand. Drug demand potentially follows a dynamic process because demand is habitual, but it can also reflect that the data are collected over a time frame that does not match the time frame of the treatment. This occurs, for example, when data are collected from January to December but the treatment program runs from November to March. In this section we formulate a demand model that can handle these concerns.
Consider the following demand function:
(1) where 1, … , is the person identifier and identifies the period of observation. is the share of income allocated to prescription drugs for individual in year , and is the expenditure share for person measured in the previous period. is the natural log of disposable income. Following the standard in the demand literature we include a quadratic term in log-income, Banks, Blundell and Lewbel (1997) , to allow the Engel curve to be nonlinear.
is a vector of control variables including age, sex, marital status, number of children, immigrant/native, education, occupation and geographical location. , , , , are parameters to be estimated, but the focus in this paper is on the estimation of the income response, and , are therefore the parameters of interest in this study. Prices are subsidized according to a complicated scheme that is generally independent of the level of income, and we therefore ignore price effects 2 , see Simonsen et al. (2010) for an elaborate description of the institutional settings. is an unobserved effect that is specific to person , and is an error term that may vary across time periods and individuals.
We think of as capturing innate unobserved health or the part of the health capital that is approximately fixed over the time span where we observe a person in our data set. Because health capital is potentially nonseparable from human capital, is potentially correlated with and our estimation method should address this. includes unanticipated adverse health shocks.
An adverse health shock can generate a drop in income. The consumption of drugs on the other hand can help restore the income level. is therefore potentially correlated with . Estimating
(1) by methods assuming orthogonality of the regressors is therefore not likely to produce consistent estimates of , , . Moreover, the fact that implies that , 0 in (1). Estimating the parameters of (1) by OLS will therefore produce biased estimates not only of , but also of if is an important factor in explaining .
To address these problems, we exploit the panel structure of the data and invoke the assumption that , 0, 1, … , 1. This assumption is testable and it allows us to define a set of instrumental variables that enable us to solve the problems associated with estimating (1).
The assumption restrict health shocks to be uncorrelated over time. We note that this assumption is conditional on the lagged dependent variable, the individual specific effect, income and the vector x. A general poor health state is captured by the individual specific effect, and the lagged dependent variable will capture dynamics of the sort where the arrival of a shock in period t is a signal of deteriorating health for many periods ahead. An alternative approach to addressing the problems associated with estimating the parameters of
(1) starts out with solving the endogeneity problems arising because of the unobserved individual specific effect . To do this, consider a first differenced version of (1)
In equation (2) still ∆ , ∆ ∆ , ∆ 0, and OLS on (2) will still produce biased instruments. can be consistently estimated by applying GMM/IV using , 2, … , 2 as an instrument for ∆ . This follows the insights of Andersen and Hsiao (1981) and Arellano and Bond (1991) . Further, ∆ (and ∆ ) are potentially endogenous. This arises because:
3 A static demand relation with a linear Engel curve is nested in (1). In the result section we shall estimate such a version of the model and compare its performance with the performance of (1) taking into account the endogeneity of , , and .
(and correspondingly for ∆ ). Note, that , , 0, 2, … , 2, and that income lagged twice or more can therefore be used as instruments for ∆ . Arellano and Bover (1995) and Blundell and Bond (1998) suggest combining equations in levels,
(1), and equations in first differences, (2), in order to obtain a more efficient estimator. When the autoregressive parameter is close to unity, i.e., the series is highly persistent, the lagged levels become weak instruments in the differenced equations and yield biased estimates. Further, if the variance of the individual specific effect is large relative to that of the idiosyncratic error-term, using only equations in first differences will yield biased estimates. Even for low values of the autoregressive parameter, Monte Carlo simulations have shown that combining equations in differences and levels implies significant efficiency gains; see Blundell and Bond (1998) . Our preferred estimator does exactly that 4 .
Data
The analysis is based on administrative data provided by Statistics Denmark. The data set 
Descriptive Statistics
In table 1, descriptive statistics on a subset of the variables in the data set is presented. There are marginally more women than men in the 55-65 age brackets as well as for the full sample. The mean income for the full sample is DKK 255,058 and DKK 246,532 for the 55-65 year olds.
[Insert table 1 here]
In figure 1, a local polynomial regression of the drug expenditure share on age is depicted. As can be seen, there is a strong, positive relationship between the two. This may be explained by a deteriorating health status at old age, but as figure 2 shows, the average income is also falling from age 60 and onwards. That is, this does not necessarily imply that the elderly consume more drugs, only that they allocate a larger fraction of their income to drug consumption. Inspection of the actual levels (not reported) reveals that demand is quantitatively increasing markedly from around age 50.
[ The non-parametric Engel curve for total prescription drug consumption is graphed in figure 3.
As can be seen, there is a negative, monotonic relationship between the expenditure share and income.
[Insert figure 3 here]
Note that a quadratic form seems to be able to capture the nonlinearities in drug demand. Given that the elderly have a higher average expenditure share, the Engel curve relationship might differ over age groups. In figure 4, two separate Engel curves are depicted: one for individuals below 55 ('young') and one for individuals aged 55 or above ('old'). The shapes of the two relations are very similar, but the levels are different (note the different scales). This suggests that the older part of the age distribution reacts more to income changes.
[Insert figure 4 here]
Results
The estimation results for the sample of the 55 to 65 year-olds are reported in table 2. Columns
(1) and (2) are OLS estimations of the Engel curves. A linear income term is included in (1), and income squared is included in (2). Both show a negative relationship between income and the expenditure share just as we found in the non-parametric Engel curve in figure 3. Columns (3) and (4) are the same as (1) and (2) but with income being treated as endogenous. Lagged differences of the endogenous explanatory variable are used as instruments; see section 2. In the linear case, treating income as endogenous does not affect the parameter estimates. Including income squared and treating income as endogenous reduces the point estimates of both income terms. Note that the test of the overidentifying restrictions is rejected neither in (3) nor (4) at the usual levels of significance, suggesting that instruments are valid.
[ Insert table 2 here] Column (5) holds the OLS results for the estimation with income, income squared and a lagged dependent variable as key explanatory variables. When compared to (2), including the lagged dependent variable reduces the numerical size of the point estimates of the income terms to about the half. The AR parameter is 0.62 indicating a high degree of state dependence. The OLS estimate of the AR parameter is known to be upward biased, Bond (2002) . The within groups estimate of the AR parameter in column (6) is 0.12. This estimate is downwards biased, and so the true degree of persistence in demand is bounded by the estimates presented in columns (5) and (6). In any case, estimating the relation by OLS or within groups produces biased estimates of the AR parameter as well as the coefficients to the income terms.
The results for the GMM-SYS estimator that takes into account the endogeneity of the lagged dependent variable but still treats income as exogenous are presented in column (7) shown to perform poorly; see Arellano & Bond (1991) .
We also wish to control for the possible endogeneity of income in the GMM-SYS setup by using lagged levels and differences as instruments; see column (8 , and ∆ , is used as an instrument in the levels equations (a similar procedure is used for the squared income term). The AR parameter is very close to that of (7), and we are not able to distinguish between the two statistically. However, there is a significant reduction in the numerical size of the point estimates to both income terms. They are now both individually statistically insignificant, yet jointly significant. The Sargan test still rejects the overidentifying restrictions, but the Arellano-Bond test of no second-order auto-correlation in the first differenced error-term is not rejected at the 5% level. The estimates presented in column (8) take into account all the complications that we listed in section 2, and this is our preferred set of estimates.
9
Note that the Engel-curve 7 We are grateful to a referee for pointing out that these autocorrelation tests rely on specific functional forms, and that we do not know how powerful they are when the specification is not correct.
8 Including further lags do not affect results.
9 We performed tests for weak instruments for the preferred model with the null being the presence of weak instruments. As far as we are aware of thee are no general extensions of the tests for weak instruments to panel data framework estimated by efficient GMM. We therefore performed Cragg and Donald's (1993) test based on singleequation models corresponding to the levels-and first difference equations that comprise the GMM-system estimator from which results are reported in table 2, column (8). For the level and difference equations the CraggDonald statistic was 504 and 13.7 respectively. In both cases the null hypothesis of weak instruments is rejected.
relationship is considerably weaker than what is found when estimating it off cross section data whether taking into account the endogeneity of income or not.
The results from this study are comparable to the results obtained by Alan et al. (2005) The dynamic aspect may be important for describing the adjustment in demand to changing incomes. We shall return to this in section 5. To make our results easier to interpret, we also report utilization elasticities, i.e. the percentage effect of a 1% change in income on the demand for prescription drugs. For all estimated models prescription drugs are found to be a necessity good. However only column (5) and (8) Before closing this section, it is interesting to note that the IV estimates based on cross section data presented in column (4) pass the Sargan test. However, our results suggest that this model may not be well specified . In section 5 we shall compare the performance of this model and the preferred model, column (8) in Table 2 , in an external validation test in order to provide additional evidence of the performance of the estimated models.
Sensitivity Analysis
Full sample estimation Figure 4 pointed towards the possibility that the Engel curve relation is not stable over different age groups. The models presented in Comparing each specification to the counterpart in table 1, the income terms generally have the same sign, but the absolute value has decreased by around 50%. For our preferred specification, GMM-SYS with endogenous income, the estimates are still very small, and the individual coefficients are not statistically significantly different from zero. That is, based on a simple comparison of the individual coefficients, it is not possible to distinguish the results generated from the large sample from the results generated from the small sample for the GMM-SYS model with endogenous income. However, the signs of the individual coefficients have changed.
Note that the estimates of the autoregressive parameter reported in table 3 are comparable to   those in table 2 . Further, all the specification tests regarding validity of the instruments are rejected at trivial levels of significance. This is also the case for the Arellano-Bond test of no second-order autocorrelation in the first differenced residuals for both GMM-SYS models. The general pattern showing that the correlation between income and drug expenditure gets stronger as age progresses is consistent with the findings of Deaton & Paxson (1998) The OLS and Tobit estimates are very similar; the point estimates are only marginally different.
The coefficients in the linear specifications are, however, statistically significantly different, but this is not the case when the squared term is included. It is questionable whether the differences in the estimates offer any economic significance. We take this as suggestive evidence that the endogeneity issues outlined in section 2 are of greater importance than the censoring.
Individual versus household income
So far, the analysis has been based on individual income. It is likely that couples will insure each other mutually. To shed light on this, we estimate the model using the income of the household instead of the individual income; see table 5. The results show that the estimated coefficients for the preferred model are very similar to the results using only individual income. We are not able to statistically distinguish between the coefficients, and the point estimates are so small that the difference is of no economic significance. We note, however, that the income terms are jointly insignificant when using household income. Further, the Arellano-Bond test for no second order autocorrelation in the first-differenced errors is rejected.
[ Insert table 5 here]
Gender differences
Another dimension along which results can potentially vary is gender. On average women have lower income and a higher absolute level of drug use. Results for subsamples of men and women are presented in tables 6 and 7. The income response estimates are individually insignificant for both women and men. The income parameters are jointly significant for women, but not for men.
However, plotting the estimated Engel curve relationship (not reported) suggests that the differences are small.
[Insert 
Reimbursement reform in 2000
In 2000 the general population subsidy scheme for prescription drugs in Denmark was changed.
Before 2000, all drugs that were qualified received a fixed percentage subsidy. After the reform the drug subsidies became a function of individual level consumption, offering no subsidies for low level of expenditures but with an increasing subsidy rate in yearly total expenditures 12 ; see Simonsen et al. (2010) . This implied a higher copayment for people with relatively small expenditure levels. To shed light on the effects of this reform for the estimation of the income response of demand, we estimate the preferred model with an indicator on pre-post reform status and interact it with the income parameters. These effects turn out to be very small and statistically insignificant (results not reported). Further, as individuals with lower consumption pay relatively more for their drugs under the new regime, we estimate the model with an indicator that is equal to one if an individual is in the post-reform period and had an expenditure level less than DKK 1,000 in 1999 and zero otherwise. This indicator is then interacted with the income terms. These interaction terms are statistically significant, but the estimated coefficients are very small and they do not provide any meaningful economic significance.
Private insurance
As in most countries, there exists a private health insurance market as well. There is one player in the market for prescription drugs in Denmark, the company "danmark" 13 . When members of "denmark" purchase drugs they receive the refund directly from "denmark" after having purchased the drug at the pharmacy. Therefore, payments received by "danmark" are not accounted for in the above analysis. We are unable to directly observe and merge membership status of "danmark" with the random sample. However, we do have access to a smaller representative survey of the Danish adult population (Health and Sickness Survey, SUSY 2000)
with roughly 4,200 respondents. This survey holds information on health care utilization including membership status of "danmark".
14 In SUSY, 11 % of the respondents hold a Type I insurance in "danmark" and 18 % hold a Type II insurance. 33 % report that they are members of 'danmark' but a few (2 %) do not remember their membership type and a few (another 2 %) are sleeping members with the option to enroll in either Type I or II at a later point in time.
To get a sense of which background variables are correlated with membership status, we run a probit model of the propensity to take up insurance. In the survey we have access to covariates that are similar or at least very good proxies to covariates that are present in the register data.
Covariates included in the probit model are: gender, employment status, income (above/below median income), education (above/below 12 years of schooling) and prescription drug consumption (individual has taken prescription drugs within last 3 months). To investigate the interplay between income and drug consumption, we also include the cross-product of drug consumption and income. The results are presented in table 8.
purchased during the last 12 months 13 . Relevant for this study, the company offers two types of policies: Type I covers all remaining out-of-pocket expenditures related to products granted one of the government subsidies. Type II covers half of the remaining out-of-pocket expenditures for products that receive a government subsidy. A Type I membership costs around DKK 2,700 (in 2007) per year while Type II membership costs about DKK 1,000.
[ Insert table 8 here] As can be seen, income is positively correlated with insurance membership, but uncorrelated with drug consumption. The interaction term between income and drug use is insignificant, indicating that insurance take-up is independent of drug use across income levels.
The analysis of insurance membership is based on cross section data and cannot tell us if membership is determined by the level of income or by temporal variations in income, and this is important for understanding the direction of a potential bias in our estimated income response parameters. At the cost of assuming that the relationship between membership and income is separable in temporal and fixed income components, it is possible to derive implications of unobserved membership for our choice of moment conditions and the consistency of our estimate of the income response. The fixed income component (which is likely to be a reasonable approximation to the permanent level of income for people close to retirement) will not affect the consistency of our estimated income parameter as the estimator controls for unobserved individual specific effects. Temporal variations in income over the sample period will, however, lead to inconsistent estimates of the income response parameter if income is not instrumented appropriately. To be specific, if temporal variations in income are iid, then our IV estimation strategy should be able to deliver a consistent estimate of the income effect. 15 We therefore cautiously conclude that endogeneity of income due to insurance membership take-up is not likely to be an important issue in our application. We believe that this makes good 15 We have developed these arguments more formally in the appendix. Applying the instruments suggested in the appendix does not affect our results for the preferred model. The identifying assumption is potentially restrictive. If, for example, people with low income variance, e.g. people with annuity income, are less likely to take up insurance, and have a systematically lower level of income than people without annuity income then estimates could be downwards biased. sense since it is not possible to take up membership for ages 60+ or if a negative health shock has generated drug demand within the last 12 months.
External Validation
Several of the models that we presented parameter estimates for in table 2 of section 4 for age groups 55-65 pass standard specification tests. Specifically, we found that the static model with a quadratic Engel curve that was instrumented, column (4), passed the Sargan test for overidentifying restrictions, while our preferred model, column (8), did not. 16 As mentioned, the Sargan test is known to have low power, but is often used as a standard specification test in cross section studies with endogenous regressors and overidentifying restrictions. Yet, we have found that static models can produce results that differ substantially from those of dynamic models.
In order to investigate further the benefits of modeling drug demand using our proposed dynamic specification, we conduct an external validation test in the spirit of Todd and Wolpin (2006) . The idea of the test is to use the estimated models to make out-of-sample predictions of the demand response to an exogenous change in income, and to use it as a specification test complementing the poor performing Sargan-test. An estimated demand model ideally provides information about how demand responds to a change in income and not about how income responds to a change in demand. In our context demand could cause income if, for example, an adverse health shock leads to increased drug expenditures and retirement thereby lowering income. An external validation experiment should therefore examine the effect of a change in income that is not used for estimating the model and is not the consequence of a health shock. We argue that a feature of the Danish public pension system provides exactly this type of variation for a subsample of the persons entering the sample used in the estimations.
The income of retirees typically consists of one or more of three income sources: (1) Public pension (2) private pension and (3) Rust & Phelan (1997) find that low health status is associated with the decision to opt for early retirement. Hence, we cannot be sure that early retirement and the accompanying change in income is not related to an adverse change in health.
The external validation experiment investigates whether the estimated models are able to explain how demand develops from age 66 to age 68 where the public pension is granted to all citizens irrespective of their health. We consider the change in income from 66 to 68 rather than from 66 to 67 for two reasons. First, the income data covers the calendar year but the public pension is supplied from each person's birthday and therefore does not follow the calendar year for most individuals. The full effect of the public pension is therefore not recorded in the data until age 68. Second, private capital pensions are also paid out at age 67 and this may give a transitory income that does not reflect the effect of the public pension.
[Insert figure 5 here]
We predict the expenditure share at age 66 and 68 respectively and calculate the difference 18 . In figure 5 , the model predictions are plotted together with the associated income changes. The average income drop from age 66 to 68 is about 6.3%. However, the spread is large, and the graph has therefore been trimmed such that the top and bottom 10% of the income changes have been left out. The graph shows the actual expenditure share changes together with those predicted by the linear static model where income is treated as endogenous (specification (3)) and our preferred GMM-SYS estimator where income is treated as endogenous. As can be seen, the predictions from the GMM-SYS estimator are much closer to the actual changes compared to the linear specification. Many of these people will retire at age 67 and this may be a consequence of the public pension.
However, for this group the decision to retire and the accompanying change in income is not likely to be related to a discretionary change in health. Their average drop in income is 5.3% from 66-67, 15.3 % from 66-68 and 18.0% from 66-69. This suggests that the income change from age 66-68 is significant and that it reflects the permanent income drop associated with retirement. Density plots of the income changes (not reported) confirm that this is not driven by extreme observations. Again, we predict the expenditure share at ages 66 and 68, respectively, and calculate the difference. In figure 6 , the model predictions are plotted together with the associated income changes
20
. It shows the actual expenditure share changes together with those predicted by the linear static model where income is treated as endogenous (specification (3)) and our preferred GMM-SYS estimator where income is treated as endogenous. The graph 19 We also estimate the preferred model using only this subsample. The income response is comparable to that of the 55-65 years sample; however the coefficient to the lagged dependent variable is smaller.
20 this graph has been trimmed such that the top and bottom 10% of the income changes have been left out.
clearly shows that the predictions from the GMM-SYS estimator are much closer to the actual changes than the prediction from the linear specification.
[Insert figure 6 here]
We take the evidence from the external validation as suggestive that our preferred model of prescription drug use captures the behavioral adjustment in drug demand following income changes better than a standard cross section model.
Summary and Conclusion
In this paper we present an analysis of how the demand for prescription drugs is affected by variations in income. Estimation of Engel curve relationships for the demand for prescription drugs is complicated because a central explanatory variable, the health capital, is unobserved and because demand has dynamic aspects, for example because some drugs are habitual.
The analysis is based on a novel panel data set with information about the purchase of prescription drugs for a very large number of Danish individuals over the period 1995 analysis focuses on a pre-retirement group aged 55-65 where both average demand for prescription drugs and income vary markedly. Our preferred model, which takes into account the aforementioned complications, performs better in an external validation test than models that can be estimated on cross section data. Results indicate that demand does respond to variations in income but less so than what is suggested by cross section estimates. This suggests that reforms affecting incomes, for example reforms of public pension provision, will affect the demand for prescription drugs and therefore potentially affect health.
Appendix: Consistency of our estimator in the presence of income shocks generating insurance take-up
Consider a simplified version of equation (1), augmented with a drug price, and a subsidy that depends on income to mimic that insurance membership is a function of income. 
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FIGURE 5 EXPENDITURE SHARE CHANGES FROM AGE 66 TO 68 FOR FULL SAMPLE
Plot of the predictions from the GMM-SYS estimator and the linear static model with income treated as endogenous. The dotted line is the actual expenditure share changes. The graph only depicts 80% of the distribution of income changes. 10% in the top/bottom has been left out. 95% confidence bands for GMM-SYS predictions are reported. These are bootstrapped using 1,000 replications.
FIGURE 6 EXPENDITURE SHARE CHANGES FROM AGE 66 TO 68
FOR SUB SAMPLE OF WAGE EARNERS AT 66
